This report concerns a system of IBM 704 orbit programs that has been found to be a very useful tool in the design and testing of the 88-inch cyclotron at Berkeley. The theory used in the equilibrium..,orbit code) was devised by
Gordon tt and Welton
2 ): the program was written by Arnette tt and the author ttt at the Oak Ridge National Laboratory. The second program, for computing general cyclotron orbits, was designed by Vlelton 3 ·). The third program, for designing deflector configurations, was designed by Garren 4 ) . These latter two codes were p~ogrammed by the author.
Each of these programs requires a set of magnetic fields stored on a polar grid on magnetic tape in a format as described in detail in ref.
1
).
Z-1 THE FUNCTIONS OF THE CODE
The equUibrium-orbit code will be mentioned only briefly, since it was -5 reported in some detail at a previous conference ).
The essential functions of the equilibrium-orbit code are to find the radius and radial momentum of the equilibrium orbit, and to compute the ttt The author is now at the Lawrence Ra.diation Laboratory, Berkeley.
focusing frequencies and the time for the particle to make one revolution.
Also, an essential byproduct of the equilibrium-orbit search is the information on small-a1nplitude radial and axial oscillations needed to enable one to conveniently determine nonlinear orbit properties. This last feature is used by the general orbit code to be discussed later.
The equilibrium-orbit code can be used to generate a table of equilibrium-orbit properties for determining the isoehronization and focusing properties of various magnetic-field configurations. Tables of equilibrium-orbit properties are essential for orienting various other studies, such as deflection studies, which require the other two orbit codes.
z.z OUTPUT
The table of equilibriu:m-orbit properties may be printed in equal in• cren:'lents of one of three independent variables: the magnitude of the particle momentum p, the total relativistic particle energy E. or velocity ~· Any one of five different output formats is possible, each one being some variation of the example in fig. 1 . The first three columns will contain P• E, and f3, the order being determined by the choice for independent variable. The fourth column gives the time, normalized to one for convenience, for the particle to traverse one revolution. Columns six, seven, and eight give the axial frequency, radial frequency, and kinetic energy. respectively. The remaining columns give the t•adius. radial momentum, average radius, and radial amplitude of the equilibrium orbit.
3 Tllvfrn G
The equUibrium-orbit code takes approximately 7 sec to generate one line of output corresponding to one ~quilibrium orbit. if twenty integration steps per sector are used.
INTRODUCTION
The general orbit code computes the orbit of a particle in a cyclotron magnetic field with allowances for several operating modes. In each of the operating modes the user has the option of tracing the particle outward from the starting point or inward toward the center.
The operating modes are·numerous and are determined by the user's choice of routines available, as described in section C. below as well as his choice of equations to be integrated.
3.Z THE EQUATIONS INTEGRATED
The equations of motion-for a particle in a magnetic field in cylindrical coordinates r, 8, z-which are integrated by the Runge-Kutta method are: Exactly parallel equations are used to compute the z(9), p (9) initial conditions. z It will be observed that, with these definitions, if the amplitude is sufficiently small to allow negle<:t of, nonlinear effects, the ellipse defined is just an invariant ellipse. The acceleration may be phase independent, i.e., A.E =.!. , if desired-in which q case the equation for the time is not integrated.
lf it is necessary to have a reference point for plotting or for other output, the equations of motion for a particle having the initial conditions of the equUibrium orbit are integrated. The same acceleration is given the. reference particle that h given the orbital particle. If such a reference is not needed, the equations of motion are not integrated~ Q. Modified Gap-Crossing Routine. This routine modifies the acceleration at the two gaps of a conventional dee structure so that where .AE 1 , AEz are the energies gained at the first and second gap crossings, respectively, F 1 (r), F z (r) are tabular input parameters computed independently, and AE is the energy gain described in subsec. F above. This modification is needed only in the central portion of the cyclotron, thus a cutoff radius is part of the input. It is used to take account of the larger intervals of time the particles spend crossin1 the acceleration gap at small radii, during which theE field changes, eo that the particles see a different effective accelerating field. Runge-Kutta step in binary form on magnetic tape to be processed by a special curve-plotting routine. Such a curve-plotting routine is not now available.
C. C. R. T. Plots. Phase plots at a specified Runge-Kutta step may be made as described in subaec. 3.3-D.
3.S TIMING
The time for one revolution is a function of the particular operating 
.,INTRODUCTION
The deflector code was planned to facilitate the design of a cyclotron defiection system 6 ). The code calculates particle orbits in the cyclotron with the magnetic field so modified as to simulate the action of electrostatic channels, and/or magnetic channels, and /or regenerative field bumps for resonant ex- and is integrated until the angle 9£ is reached (see fig.3 ). Outside the pie-shaped area where the deflector is located, determined by radial lines at 9 0 and 6 1 , the particle experi· is the channel width, and uE' uM are the thicknesses of the electric and magnetic channel walls, respectively, then the radii of the channel walls (see fig. 3 ) are given by requires that the initial conditions for each particle be punched on a separate card. A simple subroutine could be written to put the particles on a grid and save the card punching. Several different ways of specifying initial conditions are available, but as a rule they are set relative to the r, pr coordinates of the equilibrium orbit of the same n'lomentum, for which purpose the equilibriumorbit code is used as a subroutine. The detailed information about each particle is output at each integration step on tape 6 in decimal form ( fig. 4) , or on tape 4 in binary form. for future UCRL-10083 machine processing. The user has the choice of printing the detailed information starting at the initial point or delaying until the particle has entered the channel.
B. On-line. The same detailed information that is printed off-line on tape 6 is printed on-line at the angles oi' 00, 81' and of (figs. 3 and 4), as well as information as to what part of the deflector structure, if any, has been hit.
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